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Abstract 
Obtaining uniform single vectors well attached to the substrate is necessary and sufficient for fabrication of 
complex-shape parts of high quality by selective laser melting. The temperature distribution in the laser/powder 
interaction zone and the shape of the melt pool is numerically calculated by the proposed model of coupled radiation 
and heat transfer applicable to single vectors. The analysis of the capillary stability of the segmental cylinder applied 
to the calculated melt pool estimates the stability of the process depending on the scanning velocity, powder layer 
thickness, and the material optical and thermal properties.  
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1. Introduction 
The process of selective laser melting (SLM) is very sensitive to the choice of the set of the numerous operating 
parameters as the laser power, the scanning velocity, the thickness of powder layer, and the hatch distance. The 
domain of correct parameters is strictly individual for the given material and powder morphology. This is why a 
theoretical guideline is necessary when working with various materials and powders. 
Numerical simulation of heat transfer in the laser-powder interaction zone is applied to optimise the process 
parameters [4-9]. Thermal model [5] simulates a laser beam moving along a straight line over the surface of a semi-
infinite powder bed. The initial state of the material is uniform loose powder. Laser heating provokes coalescence of 
powder particles, which changes the effective thermal conductivity. Therefore, the equation of thermal diffusion is 
coupled with an equation of powder consolidation kinetics. The mechanism of consolidation by viscous flow driven 
by surface tension is studied in [5]. An Arrhenius-type dependence of viscosity versus temperature is employed, 
which can be applied to amorphous polymer powders. An improved kinetic equation is developed in [6] for 
crystalline polymers. A similar model of thermal diffusion coupled with consolidation kinetics [7] is adapted for 
metallic powders and takes into account solid-state sintering controlled by diffusion below the melting point and 
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instantaneous consolidation at melting. The above models neglect mass flow due to shrinkage at powder 
consolidation. A numerical approach to take the shrinkage into account is proposed in [8]. 
Models [9-11] concern not only the laser-powder interaction zone but also the temperature distribution in the 
whole powder bed scanned by laser, which can be useful to calculate residual thermal stresses [9]. Several 
consecutive laser scans along parallel lines on the surface of a semi-infinite powder bed are simulated. Such 
complicated geometry necessitates increased spatial resolution in calculations, and so these models are simplified 
relative the detailed models of the interaction zone [5-8]. Thus, consolidation kinetics is simplified in [9-11] and 
models [9-10] apply to the top powder layer and are essentially two-dimensional. 
In practice, fabrication of uniform single vectors well-attached to the substrate is necessary and sufficient for 
fabrication of complex-shape parts of high quality. Therefore, a model geometry shown in Fig. 1 (a) is proposed 
where a normally incident laser beam draws a line on the top of a sandwich-like target consisting of a thin powder 
layer based on a semi-infinite solid substrate of the same material. The substrate simulates the previously remelted 
powder layers. Laser radiation penetrates into powder through pores to a depth of several particle diameters because 
of multiple reflections. This is comparable with the powder layer thickness. Thus, laser energy is deposited not on 
the surface but in the bulk of the powder layer. Figure 1 (b) shows the scheme of radiation transfer in the powder 
layer.
Figure 2 summarizes physical processes at interaction of a laser beam with the sandwich powder/substrate. Laser 
radiation is scattered inside the powder layer. Its absorption gives raise a volumetric heat source. If laser power is 
sufficient to attain high temperatures, powder particles start to coalesce, the structure of the powder bed changes, 
which considerably changes the effective radiative and thermal properties, and thus influences the radiation and heat 
transfer. In summary, the interaction with the laser beam can be considered as coupled radiation and heat transfer 
and consolidation kinetics. Mathematical formulation of this problem is presented in Section 2. The relations 
between radiative and thermal properties of a powder bed and its structure are discussed in Section 3. The numerical 
results obtained are discussed in Section 4. 
                            (a)                                                                     (b)                                                                        (c)
Powder layer
Substrate
Y
X
Z
Remelted
track
Scanning
direction
Laser beam
             
O
R
Z
Powder
Substrate
Laser
beam
L
             Z
ϕ
θ
z
r
M
Fig. 1. Model geometry: (a) general view of the laser-powder interaction zone and Cartesian coordinates (XYZ) for heat transfer; (b) radiation 
transfer in the powder layer studied in cylindrical coordinates (RZ); (c) polar coordinates (θ,ϕ) for the direction of radiation propagation Ω at 
point M with coordinates (z,r)
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Fig. 2. Physical processes at selective laser melting 
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2. Model 
2.1. Consolidation kinetics 
The conventional assumption where the laser beam directly strikes a continuous melt pool and the moving pool 
absorbs the loose powder as shown in Fig. 3 (a) is used in model [8] while the laser beam directly interacts with 
powder (Fig. 3 (b)) in model [12]. These two approaches can be distinguished as the model of immediate 
consolidation of powder after melting [8] and the model of slow consolidation [12]. The first approach is well-
known and approved, for example, at laser cladding. However, the hypothesis of immediate consolidation is not 
evident at SLS because the process parameters are considerably different, for example, the laser beam is 1-2 orders 
of magnitude thinner. Indeed, the experimentally measured time of coalescence of two 100 - 150 μm particles was 
in the range from several milliseconds to several tens milliseconds [13] while the time of laser beam passage is of 
the order of a fraction of millisecond in the SLM machine [3]. Another reason to apply the model of slow 
consolidation where the processes of radiation transfer and shrinkage are essentially separated in space is the 
experimentally observed detachment of the remelted material from the loose powder  [3] with formation of powder-
free bands at the both sides of the remelted vector (see Fig. 3 (b)). Below the hypothesis of slow consolidation is 
implied. 
2.2. Radiation transfer 
The problem of an axially symmetric laser beam normally incident on a powder layer is analysed in the 
cylindrical coordinate system with the axis of the beam (OZ) directed along the inward normal to the top surface of 
the powder layer as shown in Fig. 1 (b). A powder bed with opaque particles can be approximated by an equivalent 
homogeneous absorbing scattering medium and described by the conventional radiation transfer equation (RTE) 
[14]. In this case radiation at point M = (z,r) (see Fig. 1 (c)) is characterized by its homogenized intensity I(Ω),
where Ω is the unit vector of direction specified by the polar θ and azimuth ϕ angles as shown in Fig. 1 (c). In this 
coordinate system RTE is written as [15]: 
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where the effective radiative properties are the extinction β and scattering σ coefficients and the scattering phase 
function P(Ω,Ω’) from direction Ω = (θ,ϕ)  to direction Ω’ = (θ’,ϕ’). Thermal radiation is neglected in Eq. (1) 
because its intensity is estimated to be much less than the typical laser beam intensity of ~106 W/cm2 [3]. 
The boundary condition on the powder surface z = 0 specifies normally-collimated incident radiation with the 
density of energy flux Q0(r):
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Fig. 3. Models of consolidation kinetics. Top view: (a) fast consolidation; (b) slow consolidation 
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where δ is the Dirac delta-function. Specular reflection with reflectivity ρ is assumed on the substrate surface z = L:
I(θ,ϕ) = ρI(π-θ,ϕ) , at θ > π/2 . (3) 
The influence of radiation transfer on thermal processes is characterized by net radiative energy flux density Q
with components 
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2.3. Heat transfer 
In the moving coordinate system shown in Fig. 1 (a), the heat conduction equation is 
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where volumetric enthalpy H is related with temperature T by the thermal equation of state 
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Cs and Cl are the specific heats in solid and liquid phases, respectively, Tm is the melting point, Hm the latent heat of 
melting, t the time, v the scanning velocity, k the thermal conductivity, and U the volumetric heat source given by 
Eq. (5). 
Thermal conductivity of metallic powder kp is about 100 times less than that of dense material kd [16]. To take 
into account this difference, phase function φ is introduced, which is equal to 0 in the powder phase and 1 in the 
dense phase. The thermal conductivity is specified as 
k = kp + (kd - kp)φ  . (8) 
The phase function is initially set to 0 in the powder layer and 1 in the substrate. It is also set to 1 if the temperature 
T exceeds the melting point Tm, which means consolidation of powder. Outside the melting zone, the evolution of 
the phase function is calculated from the transport equation 
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x
v
t
. (9) 
Equation (9) applied outside the melting front is independent of heat transfer equation (6). The phase function φ
depends on temperature through its boundary condition at the melting front where φ is assigned the value of 1. This 
equation is introduced to trace the points of powder where the temperature has ever been above the melting 
temperature and therefore the matter tends to change from the dispersed state to the dense state.  
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3. Effective properties of powder beds 
3.1. Thermal conductivity 
At high ratios of thermal conductivity of the solid phase to that of the gas phase, heat transfer in the powder bed 
is controlled by the gas phase [17]. Such a regime is typical for metallic and often for ceramic powders in air. In the 
vicinity of the contact point, the gap d between two contacting particles is proportional to the distance from the 
contact point r squared, where the factor of proportionality depends on the curvatures of the contacting surfaces. In 
the conductive regime, heat flow density q through this gap is inversely proportional to d, so that q ~ 1/r2. Hence, the 
heat flow is strictly nonuniform in the volume of a pore and its major part passes through thin gaps near the contacts 
between particles. Such medium can be considered as a network of thermal resistances, each of them corresponding 
to a contact between neighbor particles. The nodes connecting the resistances correspond to the particles. In the 
approximation of discrete thermal resistances the effective thermal conductivity of powder bed kp is [17] 
π
=Σ NfDk sp , (10) 
where D is the particle diameter, Σ the thermal resistance of a contact, fs the volumetric fraction of solid (relative 
density), and N the mean coordination number.   
The resistance of a contact is estimated as [17]  
1
1
1)1ln()1ln(
2
1
12
−
+
++++π
=Σ
L
LL
Dkg , (11) 
where kp is the thermal conductivity of gas, 
Kn4
3
59
1
π−γ
+γ
=L , (12) 
γ the adiabatic exponent, and Kn = l/D the Knudsen number defined by the mean free path 
2/1
259
16 ¸¸¹
·
¨¨©
§
−γ
−γ
=
B
g
k
mT
p
k
l , (13) 
with pressure p, temperature T, molecular mass m, and the Boltzmann constant kB.
Figure 4 shows the effective thermal conductivity versus the volumetric fraction of solid. Points indicate 
experimental data [16,18,19] obtained for powder and packed beds of metallic particles with high ratio kd/kg, when 
the conductivity of solid kd actually does not influence. The comparison of the experimental data with the model of 
discrete thermal resistances indicates that the effective thermal conductivity of powder beds is proportional to the 
thermal conductivity of gas filling pores and also depends on the solid fraction and the particle size. For powders 
with particle size about several tens microns, the thermal conductivity is of the order of 10 thermal conductivities of 
the gas. 
3.2. Radiative properties 
Generally, the radiative properties may depend on the wavelength, the porosity, the morphology of particles, their 
size distribution, and the complex index of refraction. These dependencies can be simplified in the case of large  
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Fig. 4. Effective thermal conductivity kɟ of powder and packed beds in air at the normal conditions versus the volume fraction of solid fs. Points 
show experimental data [16,18,19] with indicated material of the solid phase and the mean particle diameter. The shape of particles and the 
reference are given in the top left corner. The dashed curve shows the model of Maxwell in the limit kd/kg ∞→  (see [17]). The dash-dotted line 
shows the model of Bruggeman in the same limit (see [17]). Bold full lines show the approximation of discrete resistances by Eq. (10) for the 
specified particle diameters D and the corresponding Knudsen numbers Kn. Thin vertical lines give the values of fs for the regular structures 
indicated on the top 
opaque particles typical for the considered application. According to the general homogenisation theory [14], in the 
approximation of geometrical optics the effective extinction coefficient of the statistically isotropic bed of opaque 
particles equals the quarter of the specific surface per unit pore volume: 
04 f
A
=β , (14) 
where A is the specific surface per unit volume of the bed and f0 the porosity. If the powder is composed of n types 
of particles (n opaque phases) with the known ratio of the particle surface to the particle volume Aα (specific surface 
of opaque phase α per unit volume of this phase), 
FCCBCCSCDiamond
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where fα is the volume fraction of phase α. Metallic powders obtained by atomisation, which are widely used in 
laser forming [1], can be evaluated as the mixture of spherical fractions with diameters Dα:
α
α = D
6
A . (16) 
In particular, Eqs. (14)-(16) give 
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for the packed bed of monodispersed opaque spheres. 
The effective scattering coefficient σ and scattering phase function P for statistically isotropic one-component 
powder with opaque specularly reflecting particles are estimated as [14]: 
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where ρ1 is the hemispherical reflectivity, and ρ1’ the directional reflectivity. In the case of the mixture of n opaque 
phases with different reflectivities ρα and ρα’, Eqs. (18) are generalised by weighting with the surface of each phase 
[20]: 
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For widely used metals as Fe, Al, and Cu, and many other highly reflective materials, the directional reflectivity ρα’
depends on the angle of incidence rather weakly, except of a very oblique incidence. This produces scattering phase 
functions, which are approximately constant except of small scattering angles (see examples in Ref. [21]). 
Therefore, the isotropic phase function 
P = 1 , (20) 
can be a good approach. 
According to Eqs. (14)-(20) obtained for metallic particles large compared to the wavelength, the radiative 
properties depend on the morphology and the size distribution of particles through the specific surface, the complex 
index of refraction influences through the reflectivity, and the only dependency on the wavelength relevant is that of 
reflectivity. The dependent scattering is taken into account in these equations. 
The absorptance A of optically thick powder layer can be calculated as the ratio of the net radiative flux through 
the surface to the incident flux. The above approximations for the radiative properties according to the analytical 
model for radiation transfer [20] result in 
1
1
121
13
ρ−+
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=A . (21) 
This function is shown in Fig. 5 (a). The experimental data plotted on the same graph demonstrate the general 
theoretical tendency. The deviations of the experimental points from the theoretical curve depend on the particular 
experimental conditions and were discussed in Refs. [20-22]. The theoretical approach for the absorptance of  
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Fig. 5. Fractions of incident laser radiation absorbed by the system powder layer/substrate A and by the substrate As versus the absorptance of a 
smooth surface of the same material: (a) optically thick powder layer; (b) various optical thickness Λ of the powder layer. Experimental points 
are given on the left graph for micron-sized powders at the wavelength of: 633 nm (squares) [21]; 1.06 μm (circles) [22]; 10.6 μm (triangles) [22] 
optically thick powder bed by Eq. (21) proposes a correlation with the absorptance of a smooth surface of the same 
material (absorptivity of the solid phase of the powder bed). The absorptivity of the solid phase is a function of the 
wavelength. Presentation of the experimental data obtained at different wavelengths on the same graph becomes 
possible after taking into account this dependence on the wavelength. 
According to Eqs. (14)-(20) obtained for metallic particles large compared to the wavelength, the radiative 
properties depend on the morphology and the size distribution of particles through the specific surface, the complex 
index of refraction influences through the reflectivity, and the only dependency on the wavelength relevant is that of 
reflectivity. These theoretical estimates are confirmed by experimental data shown in Fig. 5 (a).  
4. Results and discussion 
4.1. Absorptance of a powder layer on a substrate 
The absorptance of the system powder layer-subrtrate A and the fraction of the incident radiation absorbed by the 
substrate As was calculated by the analytical method of two fluxes described in [20]. Figure 5 (b) shows these 
fractions for the same material of the powder and the substrate versus the absorptivity of the solid phase 1 – ρ1. The 
absorptance A monotonously increases with the optical thickness of the layer Λ and approaches the limit given by 
Eq. (21) (see the line in Fig. 5 (a)). 
Thus, the energy efficiency of laser treatment of a substrate covered with powder of the same material is always 
greater than that of a non-covered substrate and increases with the powder layer thickness. However, the distribution 
of the deposited energy becomes non-uniform in depth [20], and the fraction of the incident radiation attained the 
substrate itself, As, monotonously decreases with Λ (see Fig. 5 (b)). This can be crucial when only the upper part of 
the powder layer is molten without forming a metallurgical contact with the substrate. Heating and melting of the 
substrate is considered as the necessary condition for a good quality of laser treatment [12], so that the decrease of 
As is not desirable.  
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4.2. Influence of the radial profile of the incident beam 
The influence of the radial profile of the incident laser beam is shown in Fig. 6. A bell-shaped incident profile 
((a), left column) is compared with two flat-top profiles. The wide flat-top ((a), middle column) corresponds to the 
full width of the bell, and the narrow flat-top ((a), right column) corresponds to the full width at half maximum 
(FWHM) of the bell. The energy fluxes shown in Fig. 6 (a)-(b) are normalized by the maximum incident intensity 
Q0 as q = Q/Q0. The deposited power shown in Fig. 6 (c) is normalized as u = U/(βQ0). The parameters chosen for 
the two-dimensional (2D) calculations by Eq. (1) correspond to the experiments reported in Ref. [12] with the laser 
beam with the nominal minimum focusing diameter about 70 μm, the powder layer of thickness L = 50 μm, and the 
extinction length in the powder estimated as 1/β = 25 μm. The tested bell-shaped beam corresponds to 60 μm
FWHM diameter. The tested wide and narrow flat-top beams correspond to 120 and 60 μm full diameters, 
respectively.
The vector energy flux q shown by arrows in Fig. 6 (b) enters into the powder through the laser spot on the 
surface where its absolute value q proportional to the lengths of the arrows attains maximum. The flux attenuates in 
the powder due to both divergence and absorption. The lateral component arises because of scattering. The lateral 
transport produces small tails of the deposited power u outside the projection of the laser beam (see Fig. 6 (c)). 
Vector q has a negative axial component on the surface outside the laser spot indicating energy loss with 
backscattered radiation. 
4.3. Influence of the reflectivity of the solid phase 
The reflectivity of the material ρ1 = ρ = σ/β related to the albedo σ/β of the powder can be changed, for example, 
by changing the laser wavelength. This situation is analyzed in Fig. 7 for the fixed bell-shaped incident radial profile 
shown on the top of Fig. 7. The general tendency is the more uniform depth distribution of the deposited energy U at
higher reflectivity ρ (see Fig. 7) while the maximum of U considerably reduces with ρ. The influence of the 
reflectivity on the width of the radial distribution of the deposited energy is not evident from Fig. 7. 
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4.4. Effect of the lateral radiation scattering on the energy deposition 
The calculated spatial distributions of the deposited laser energy (see, for example, Fig. 6 (c)) indicate that the 
domain of energy deposition is always wider than the incident laser beam, which is explained by the lateral 
scattering of laser radiation in the powder. However, the energy deposition domain widens due to low-intensity 
queues. The energy density in the queues is often insufficient to assure the necessary temperature rise, so that such a 
widening can be regarded as the loss of energy at laser treatment. To evaluate the partition of the deposited laser 
energy between the domains inside the projection of the incident flat-top laser beam of radius rb and outside it, the 
following fractions of absorbed energy are defined: 
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the fraction of incident laser energy absorbed by the substrate within the circle of radius r. Thus, p is the fraction of 
the total absorbed laser energy, which is absorbed within the projection of the beam and ps is the fraction of the laser 
energy absorbed by the substrate, which is absorbed within the beam projection. 
Figure 8 shows the two fractions as functions of the absorptivity of the solid phase 1 – ρ1 for the wide and narrow 
flat-top laser beams. The powder and the substrate are of the same material. Considerable losses of both the total 
energy deposition and the deposition on the substrate are revealed with decreasing the absorptivity. This is 
reasonable because of increasing the albedo σ/β = ρ1. The effect of scattering is more pronounced for the narrow 
laser beam. This suggests that in the studied case further narrowing of the incident laser beam would not be effective 
to increase the density of deposited energy, especially for highly reflective materials. The differences between the 
curves corresponding to p and ps are not significant in Fig. 8. This indicates that the energy deposition on the 
substrate surface changes in approximately the same proportion as the volumetric energy deposition in the powder. 
4.5. Temperature distribution 
Figure 9 presents typical modeling results for a 50 μm powder layer of steel 316L on the substrate of the same 
material. The optical thickness of the powder layer is Λ = 2, the scanning velocity is v = 20 cm/s, and the incident 
laser power is 30 W. The laser beam is bell-shaped with FWHM of 60 μm.  The isotherms show the melting point 
Tm = 1700 K. The detailed conditions of this calculation are reported in [23], where more examples can be found. A 
comparison with experimentally obtained micrographs is also given in Ref. [23].  
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4.6. Melt pool shape 
The shape of the molten domain is determined from the calculated three-dimensional temperature fields by the 
condition T > Tm. Figure 10 presents the influence of the powder layer thickness L. Figure 11 compares two different 
materials and shows that more conductive material requires more laser energy to obtain a good contact with the 
substrate.
Power 30 W
(a) L = 25 μm
(b) L = 50 μm
(c) L = 75 μm
(d) L = 100 μm
Fig. 10. Influence of the thickness of the powder layer L on the melt 
pool shape for steel 316L at the scanning velocity 10 cm/s and the 
incident laser power 30 W 
Steel 316L, kd = 20 W/(m K) 
30 W
Copper alloy, kd = 100 W/(m K) 
30 W
60 W 
120 W 
Fig. 11. Influence of the laser power (marked near diagrams) on the 
melt pool shape for steel 316L (upper diagram) and alloy Cu-10%Ni 
(the rest) at the scanning velocity 12 cm/s and powder layer thickness  
L = 50 μm
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4.7. Capillary stability 
Single track experiments in SLM [3] indicate that the molten powder tends to the cylindrical form, which is 
explained by the surface tension forces important at the typical scale of the order of 100 μm. The length of the melt 
pool estimated by the model can be considerably greater than its width. Such elongated shape is instable and leads to 
separation of the melt pool into droplets known as the balling effect at SLM [3]. 
The Plateau-Rayleigh analysis of the capillary instability of an infinitely long circular cylinder of a liquid 
indicates that such a cylinder is stable against axial harmonic disturbances of its radius with wavelengths λ less than 
the circumference of the cylinder. The necessary and sufficient condition of stability is [24] 
1>
λ
πD ,
(25) 
where D is the diameter. The melt cylinder is not free at SLM but is bounded to the substrate. Therefore, below the 
similar problem is studied for a segmental cylinder of a liquid attached to a solid substrate by a contact band with a 
fixed width as shown in Fig. 12. The contact width is specified by angle Φ in Fig. 12 (a). 
The segmental cylinder is stable if the disturbance increases its surface. This gives the stability condition [25] 
Φ−Φ+Φ
Φ−Φ+Φ
>
λ
π
2sin3)2cos2(2
2sin)2cos1(2D , (26) 
applicable at Φ > π/2. According to Ref. [25] the segmental cylinder is stable at any wavelength if Φ < π/2 (less than 
a half cylinder). In the limit of circular cylinder, Φ = π, Eq. (26) gives 
3
2
>
λ
πD , (27) 
which differs from the result of Plateau and Rayleigh by Eq. (25) for the free circular cylinder because the segmental 
cylinder with Φ = π is still attached to the substrate by a line and deforms with the loss of the axial symmetry. 
Figure 12 (c) compares Eqs. (25) and (26) and shows that the segmental cylinder is more stable that the free circular 
one: in the filled domain of the parameters the free circular cylinder is instable while the segmental cylinder is 
instable only near the bottom right corner of this rectangle in the zone limited by the curve drawn according to Eq. 
(26). 
λ
Φ
D
(a) (b)      
0 0.5 1
Φ/π
0
0.5
1
1.5
π
D
/λ
Instable
Stable
2
3(  )
1/2
6 cm/s 8 cm/s
12 cm/s
16 cm/s
20 cm/s
24 cm/s
50 μm
75 μm
100 μm
Co-Cr
1.3 m/s
(c)
Fig. 12. Capillary stability of segmental cylinder of a liquid on a solid substrate (hatched): (a) non-disturbed; (b) disturbed; (c) stability map 
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Circles on the stability map in Fig. 12 (c) correspond to parameters of stable experimentally observed single 
vectors [3]. The six circles on the top half of the map are obtained for steel 316L with the layer thickness of 50 μm
and the nominal laser power of 50 W. The numbers near these points mean the scanning velocity. The lowest circle 
is obtained for a Co-Cr alloy at a considerably greater scanning velocity. All the experimental points are situated in 
the stability domain as predicted by Eq. (26). Crosses correspond to numerical experiments with various powder 
thickness L (marked near them) shown in Fig. 10. The melt pool of Fig. 10 (d) is expected to be instable according 
to Eq. (26). Indeed, it is the most elongated and not connected with the substrate.
5. Conclusions 
The temperature distribution in the laser/powder interaction zone and the shape of the melt pool is numerically 
calculated by the proposed model of coupled radiation and heat transfer. The effective thermal conductivity of 
powder beds is estimated to be proportional to the thermal conductivity of gas filling pores and also depends on the 
solid fraction and the particle size. The effective radiative properties of powder beds depend on the morphology and 
the size distribution of particles through the specific surface, the complex index of refraction influences through the 
reflectivity, and the only dependency on the wavelength relevant is that of reflectivity. The analysis of the capillary 
stability of the segmental cylinder applied to the calculated melt pool estimates the stability of the SLM process 
depending on the scanning velocity, powder layer thickness, and the material optical and thermal properties. 
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